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Statement of Quality Assurance

Data were reviewed by Quaiity Assurance Unit of DAU to assure that the study was performed in
accordance with protocol and standard operating procedures (SOP) of Marine Bio-industry
Development Center (MBDC). The report was an accurate reflection of the raw data generated at the
MBDC. Inspection of the routine and repeated procedures that constitute the study was carried out as a

continuous major phase at or about the time this study was in progress.

Test plan September, 02, 2010 | September, 02, 2010 | September, 02, 2010
1 September, 06, 2010 | September, 07, 2010 | September, 07, 2010
Sampling

P September, 11, 2010 | September, 11,2010 | September, 11, 2010
1 September, 06, 2010 | September, 07, 2010 | September, 07, 2010

Test substance
ond September, 11, 2010 | September, 11, 2010 | September, 11, 2010

st

Test procedures 1 September, 06, 2010 | September, 07,2010 | September, 07, 2010
(Bacteria test) o | September, 11,2010 | September, 11, 2010 | September, 11, 2010
* TRO measurement 1% September, 06, 2010 | September, 07, 2010 | September, 07, 2010

* Observation and
counting o September, 11,2010 | September, 11,2010 | September, 11, 2010

(2504, 104m-504m)
& September, 07, 2010 | September, 07, 2010 | September, 07, 2010
Observation and ond September, 08, 2010 | September, 08, 2010 | September, 08, 2010
counting
(Bacteria test) 3% September, 13, 2010 | September, 13, 2010 | September, 13, 2010
4 September, 14, 2010 | September, 14, 2010 | September, 14, 2010
Raw data September; 14, 2010 | September, 14, 2010 | September, 14, 2010
September, 24, 2010
Test report ~ September, 28, 2010 : September, 28, 2010
September, 27, 2010
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Eun-Young, Kang / Quality Assurance
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Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Marine Bio-industry

Development Center in performing the test.

Name Date

Study Personnel Tee Lrw Cee @)/, f%f,'{-m[,.‘.r. Lo L osore

Szjn T . Ch ui‘ /64‘) Se})‘hm\ot’y. 2% . 2ole

Hoarno. Song @ gc?&ewer\ 3§ Doio
@\\M\ WJ_W\S‘T““QS@) QQ{"\'@VKBWJ-QJ 2010

Gty fay W pleiar, 21

Efficacy Testing

Manager \%\[?5‘1 Q_—g“'&um (Q__ﬁ}'ll—: pr . ')iL\/ o P
= - \
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1. Results

1.1 Sampling point

. 35°03.168N
GPS coordinate 128°55 477F
Salinity 0.70+0.00 %o
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1.2 Sampling point
GPS coordinate 525;9(;541527;13
Salinity 34.00 %o
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1.3 Water parameters
Table 1. Results of TOC, DOC, POC, TSS

Date | SampleID TOC? - DOCY POC? TSS®
ate -
&lotNo. (mg/L) (mg/L) (mg/L) (mg/L)
OwT-0906 16.93+0.61 11.030.40 5.90 83.0£1.3
Day 0 | OwM-0906 16.30-:0.42 10.50+0.28 5.80 86.2+0.8
OwB-0906 16.50+0.35 10.33+0.25 6.17 89.8+1.0
Acceptability Acceptable Acceptable Acceptable
(Salinity : 3~ 32 PSU) (> 5 mg/L) (> 5mg/L) (> 50 mg/L)

Data were presented as meantS.D of three repeated measurement.

a) TOC: Total Organic Carbon

b) DOC: Dissolved Organic Carbon
¢) POC: Particulate Organic Carbon (POC=TOC-DOC)
d) TSS: Total Suspended Solids
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Table 2. Water parameters at field

oue | KD || Toon | S | 0TS G
OWT-0906 | 8001001 | 24412000 | 19.19+000 | 7572001 - 6210:0,000
OWM-0906 | 799:000 | 2440+000 | 19204000 | 7.65+001 - 6.3000,000
OwB-0906 | 7.74+001 | 2440=000 | 19162000 | 753001 - 6.130:£0.000
COT-0906 | 7.83001 | 2555000 | 1896:000 | 701000 - 3.490:0.000

Day 0 | CoM0906 | 783001 | 2550£001 | 1895:001 | 699+0.00 - 3.330+0.000
COBOX6 | 7772002 | 2556:004 | 1894001 | 696:0.02 - 3.370:0.000
TOT0906 | 786£001 | 2496000 | 19204000 | 739:001 - 0.595+0,000
TOM-0906 | 780002 | 2490:003 | 19.18:001 | 7344001 - 0.649:+0,000
TOB0906 | 795000 | 2491001 | 1921001 | 740+001 - 0.538£0.000
C2MO908 | 708£001 | 2516:001 | 1905£000 | 349+0.00 - 24200000

Day?2 TIMO908 | 7294000 | 25.55£000 | 19.14£001 | 4.75:0.00 - 0.203£0.000
CST.0911 | 739001 | 2563001 | 1905001 | 696001 - 1.700::0.000
CSM-0911 | 735:001 | 2553001 | 19.08+000 | 6.88:001 - 1290:+:0.000

Day 5 CSB0911 | 7442000 | 25424000 | 1911£000 | 694:001 - 1.500::0.000
TBWOIL | 7430000 | 25312001 | 19332000 | 724000 - 048120.000
TSM-911 | 742000 | 2536:000 | 1937000 | 7212001 - 0250::0.000
TSBO9I1 | 741001 | 25152001 | 19412001 | 7162000 - 0.236:£0,000

Data were presented as mean+S.D of three repeated measurement.
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Table 3. Water parameters at MBDC lab

Sample ID o . e o Turbidity
Date & ot No. pH .Temp (°C) | Salinity (_/_60) DO {(mg/L) (NTU)

OwWl-0906 | 839001 144401 18894001 9.59+0.02 14.13£021

OWM0%06 | 835:0.00 169400 189740.03 889001 1440040

OwB-0906 838000 15.320.1 18.67-0.02 876001 14574021

COT-0906 826000 156£00 18.63+0.01 800001 13.67+0.12

Day 0| CcoM-0906 820+0.00 160400 18.68+0.00 8.97+001 133020.17

COB-0906 832000 16.1+0.0 18.70+0.01 8.54+0.03 13.33029
TOT-0906 8.28+0.01 142+0.1 18.65+0.04 021+001 12.00+0.00
TOM-0906 8.35+0.00 13.8£0.1 18.88+0.01 930007 11.30:0.00

TOB-0906 840000 10.5+0.1 18.55+0.04 941001 1220+0.00

C2M-0908 744000 2200 1877001 6.93:+0.01 11.03+021

Day 2 T2M-0908 | 8.194000 219+00 1895000 |  8.15:000 10.77+:083
CST-911 | 7404000 12.0:00 1856£000 |  7.98:001 4.94+0,04
CSMHO11 | 7424000 11.8£0.1 1886001 808001 3.13£002

Day 5 CSBOI1 | 743000 12400 1899001 828+001 3712003
BOIL | 7564001 12400 19424001 835001 8.84+0.03

T5M-0911 7.600.00 13.0+£0.1 1945+0.00 823001 348£002

T5B-0911 761001 10.7:0.1 18.82+0.00 8.08+001 3024002

Data were presented as meantS.D of three repeated measurement,
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Table 4. Change of TRO concentration of test substances

Sample ID ¥ TRO con, (ppm) CV(%)
Co N.D -
TO 0.68+0.02 2.24
C2 N.D -
T2 0.14+0.01 4.03
C5 N.D -
TS N.D -

All tests of laboratory were performed in triplicate and data shown were the mean = S.D,
? C0, C2, C5: Control (untreated) brackish water at day 0, day 2 and day 5
T0, T2, T5: Treated ballast brackish water at day 0, day 2 and day 5
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1.4 Influent water : Original water

1) 2 50 pm organism

Table 5. Survival number of the organism larger than 30 pm

Survival Minimum
Sampling | Phyla/Divisions Species 3 Dimension
number/m (um)
Artemia salina 165833 = 5033 150~ 200
Arthropoda Crustacean nauplii 4333 + 289 120 ~ 160
Top Qithona sp. 2833 + 577 98 ~ 150
Rotifera Brachionus sp. 4167 + 764 80~110
Dinophyta Protoperidinium sp. 20000 £ 5000 53 ~ 60
Artemia salina 223500 = 4583 150 ~ 200
Crustacean nauplii 3167 + 289 120 ~ 160
Arthropoda Oithona sp. 30000 98 ~ 150
Middle Evadne sp. 333 £ 289 160 ~ 180
Centrophages sp. 1500 + 500 150 ~ 180
Rotifera Brachionus ssp. 3833 £ 289 80~110
Dinophyta Protoperidinium sp. 18333 + 7638 53 ~ 60
Artemia salina 210500 = 3000 150 ~ 200
Arthropoda Crustacean nauplii 4500 + 500 120 ~ 160
Bottom Qithona sp. 2667 + 764 250~ 270
Acartia sp. 833 + 289 160 ~ 170
Rotifera Brachionus ssp. 2500+ 500 80~110
Dinophyta Protoperidinium sp. 13333 + 2887 53 ~60
Total 8 species 3 phyla/divisions 228389 + 28715 -
Influent condition: Acceptable Influent condition:
Acceptability ( = 5 species from 3 different Acceptable -
phyla/divisions) (>10° ind./ m’)

Data were presented as mean+5.12 of three repeated measurement.

Some species were rare, the standard deviation was high.
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2)10 pm - 50

pm organism

Table 6. Survival number of the organism between 10 to 50 pm

: -Survival Minimum
Sampling | Phyla/Divisions Species number/mL Dimension
(Mean) (pm)
Chlorophyta Tetraselmis suecica 2093.33 £+ 49.33 11~12
Thalassiosira sp. 533+1.15 20 ~ 45
Top Bacillariophyta Chaetoceros sp. 533+0.58 15~ 40
Ceratium sp. 2.33+0.58 15~45
Dinophyta Protoperidinium sp. 4,67 =0.58 20~ 45
Chlorophyta Tetraselmis suecica 1910.00 + 70.00 11 ~12
Thalassiosira sp. 5.00+1.00 20~ 45
Middle Bacillariophyta Chaetoceros sp. 2.67£0.58 15~ 40
Ceratium sp. 4.67 - 0.58 15~45
Dinophyta Protoperidinium sp. 5.00+1.00 20 ~ 45
Chlorophyta Tetraselmis suecica 2006.67 £ 66.58 11~12
Thalassiosira sp. 2.67+0.58 20~45
Bottom Bacillariophyta Chaetoceros sp. 1.67 £ 0.58 15~ 40
Ceratium sp. 4.33 +£0.58 15 ~45
Dinophyta Protoperidinium sp. 2.33+£0.58 20~45
Total 5 species 3 phyla/divisions 2018.67 +91.84 -
Influent condition: Acceptable Influent condition:
Acoeptability (=5 species from 3 different Acceptable -
phyla/divisions) (210 ind./mL)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high..
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Test Report

1.5 Elimination efficacy

1) 2 50 pm organism

Table 7. Survival number of the organism larger than 50 pm

_ Elimination
Test substance Sampling Survival number/m’ Acceptibility efficacy
L))
)
Day 0 T 197167 & 9674 Influent condition:
Original water (03‘;) M 253667 £ 8694 Acceptable
BY |  234333:2754 (210’ ind/m’)
T 38833 £ 4252
1?3}6)0 M 39167 £ 1041 i
Control B 33167 £ 2255
(untreated) -
brackish water Dav 5 T 667 = 289 Effluent condition:
(C)g) M 333+ 144 Acceptable
B 500 = 250 (210° ind./m’)
Dav 0 T 0.0=0.0 Effluent condition :
(T}{;) M 0.0=0.0 Accep’[able3 100.09
<10 ind./
Treated ballast B 0.0+0.0 ( ind./mr)
brackish water Dav 5 T 0.0+0.0 Effluent condition :
(,[ys) M 0.0+0.0 Acceptable 100.0 9
B 0.0 % 0.0 (<10 ind./m>)

a) T: Top, b} M: Middle c) B: Bottom, d) Calculation = (C0-T0)/C0*100, ) Calculation = (CO-T5)/C0*100

Data were presented as meantS.D of three repeated measurement.
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2) 10 pm - 50 pm organism

Table 8. Survival number of the organism between 10 and 50 pm

Elimination
Test substance Sampling | Survival number/mL Acceptibility efficacy
' (%)
)
Dav 0 T 2111.00 + 50.59 Influent condition:
Original water (03\;) MY 1927.33 = 70.22 Acceptable -
BY | 2017.67 % 66.58 (210’ ind /mL)
T 983.33 + 55.08
1??6)0 M 1016.00 + 30.00 -
Control B 981.00 + 45.03
(untreated) -
brackish water Day 5 T 148.00+7.21 Effluent condition:
(C};) M 162.00 £ 7.00 Acceptable
B 141.67 + 7.51 (2107 ind./ ml)
T 0.00 + 0.00 Effluent
Day 0 condition : d)
(TO) M 0.00 + 0.00 Acceptable 100.0
Treated ballast B 0.00 £ 0.00 (<10 ind./ m)
brackish water T 0.00 £ 0.00 Effluent
Day 5 condition : &)
(T5) M 0.00 £ 0.00 Acceptable 100.0
B 0.00 + 0.00 (<10 ind./ ml}

a) T: Top, b) M: Middle ¢) B: Bottom, d) Calculation = {C0-T0)/C0*100, e) Calculation = (C0-T5)/C0*100

Data were presented as mean+8.D of three repeated measurement.
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3) Heterotrophic bacteria

Table 9. Survival number of heterotrophic bacteria

_ i : ' : Elimination
Test substance Sampling CFU/mL Acceptibility efficacy
' (%)
Day 0 T? 47200.0 % 5600.0 Influent condition:
Original water (Oi(v) MY 36733.3 £ 896.3 Acceptable -
q
BY 22766.7 = 2227.9 (210" CFU/mL)
T 76766.7 = 2050.2
D
(336)0 M 187667 + 2250.2 -
Control B 23066.7 + 850.5
(untreated) -
brackish water Dav § T 123733.3 £ 3233.2
(ng) M 83666.7 = 3092.5 -
B 103200.0 - 20133.8
T 63.3+35.1
I??{;)O M 333 % 11.5 ; 99.99
Treated ballast B 36.7=153
brackish water T 93333.3 + 129574
Day 5 e}
+ . .
(TS) M 61500.0 = 7410.1 592
B 65766.7 £ 6646.3

a) T: Top, b) M: Middle ¢) B: Bottom, d) Calculation = (C0-T0)/C0*100, e) Calculation

Data were presented as mean+S.D of three repeated measurement.

= (CO-T5YCO*100
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4y Escherichia coli

Table 10. Survival number of Escherichia coli

: Elimination
Test substance Sampling CFU/ 100 mL Acceptibility - efficacy
(%)
T? 106.0 & 15.9
Original water I()g)\;;) Mm> 102.7+ 5.0 -
BY 106.7 + 6.4
T 1260 £ 9.2
%’6)0 M 142.7 £ 24.4 -
Control B 1333 + 24.1
(untreated) -
brackish water T 27£23
Day 5
M 1.0x£1.0 -
(C5)
B 3.0+1.0
Dav 0 T 0.0+ 0.0 Effluent condition:
(TB(()) M 0.0+£0.0 Acceptable 100.0%
Treated ballast B 0.0+ 0.0 (<250 CFU/ 100ml)
brackish water Dav 5 T 3.3+0.6 Effluent condition:
(%5) M 23+23 Acceptable 98.6%

a) T: Top, b) M: Middle ¢} B: Botiom, d} Calculation = (C0-T0)/C0*100, e) Calculation = (C0-T3)/C0*100

Data were presented as mean+S.D of three repeated measurement.
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5) Enterococcus faecalis

Table 11. Survival number of Enterococcus faecalis

: Elimination
Test substance Sampling CFU /100 mL Acceptability efficacy
(%)
T? 4534 18.1
Original water I()g)‘;;) MY 387+£76 -
BY 373 +3.1
T 348.7 £ 79.2
I()g%)o M 388.7+ 12.9 -
Control B 348.7 + 49.2
(untreated) -
brackish water D T 12.0+ 8.0
ay 5
M 93=x06 -
(C5)
B 20072
Pav 0 T 0.0+ 0.0 Effluent condition:
(TB(/)) M 0.0+£0.0 Acceptable 100.0Y
Treated ballast B 0.0+0.0 (<100 CFU/ 100ml)
brackish water T 0.7+1.7 Fffluent condition:
D(?S;'; M 03x1.7 Acceptable 99.8

a) T: Top, b) M: Middle c¢) B: Bottom, d) Calculation = {C0O-T0YC0%*100, ) Calculation = (C0-T5)/C0*100

Data were presented as meantS.D of three repeated measurement.
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6) Vibrio cholera O1, 0139

Table 12, Survival number of Vibrio cholera O1, 0139

_ _ Elimination
Test substance Sampling CFU /100 mL Acceptability efficacy
(%)
T 0.0£0.0
Original water ?S{V? M 0.0+ 0.0 . i
B 0.0 0.0
T 0.0+0.0
I?é’(’))o M 0.0 £ 0.0 .
Control B 0.0+ 0.0
(untreated) -
brackish water Day 5 T 0.0+0.0
(C5) M 0.0+ 0.0 -
B 0.0+0.0
Day 0 T 0.0=0.0 Effluent condition: 5
(10) M 0.0£0.0 Acceptable N.D
Treated ballast B 0.0+0.0 (<1 CFU/100m1)
brackish water T 0.0+ 0.0 Effluent condition:
D(agsi M 0.0£0.0 Acceptable N.D
B 0.0 0.0 (<1 CFU/ 100ml)

a) T: Top, b) M: Middle c¢) B: Bottom, d) N.D: Not detected

Data were presented as meant+S.D of three repeated measurement.
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2. Validity
2.1 Water parameters measurement
» Influent condition in DOC, POC, TSS was acceptable for IMO standards.
- Salinity: 3 ~32 PSU
- DOC: > 5 mg/L.
- POC: > 5 mg/L
- TSS:> 50 mg/L
Date | SampleD& | Salinity Y DOC POC TSS
lot No. (%) (mg/L) (mg/L) (mg/L)
OwT-0906 19.19:000 | 11.03+0.40 5.90 83.0+1.3
Day 0 OwM-0006 19.204:0.00 10.50+0.28 5.80 86.2+0.8
OwB-0906 19.160.00 10.33+£0.25 6.17 89.8x1.0

a) Salinity: data at field
» All measurements were tested more than three times.

» Sample was analyzed as soon as possible after arrival at MBDC lab.

2.2 Biological efficacy test

» Influent condition in all tests was acceptable for IMO standards (MEPC58/2/4).

- The organism larger than 50 um: > 10° individuals/m’

- The organism between 10 um and 50 um: > 10° individuals / mL
- Heterotrophic bacteria: > 10* CFU/ mL

S.alln ie ' > 50 pum 10 pm -50 pm  Heterotrophic bacteria
ple (individuals/m®  (individuals/mL) (CFU/mL)
Field  OwT 234500 1646
OowT 197167 + 9674 2111.00 = 50.59 47200.0 % 5600.0
Lab  OwM 253667 = 8694

1927.33 +£70.22

367333 = 8963

OwB 234333 + 2754

2017.67 = 66.58

22766.7 £ 2227.9
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- The organism larger than 50 um: > 5 species from 3 different phyla/divisions

- The organism between 10 um and 50 pm: > 5 species from 3 different phyla/divisions

Ow 8 species 3 phyla/divisions 5 species 3 phyla/divisions

» All samples were tested within 6 hours after sampling

OwT 14:40~14:52 19:10
OwM 14:41~14:52 19:10
OwB 14:40~14:51 19:10
COT 14:58~15:05 19:32
Day 0 COM 14:58~16:06 19:32
CoB 14:58~15:05 19:32
TOT 17:03~17:05 20:10
TOM 16:32~17:03 20:10
TOB 16:15~17:02 20:10
C5T 15:12~15:18 19:50
C5M 15:12~15:21 19:50
Cs5B 15:12~15:18 19:50
Day 5 TST 16:21~16:28 20:00
T5M 15:54~16:21 20:00
T5B 15:48~16:08 20:00
Acceptability Acceptable : analyzed live within 6 hours

* Discharge results from the control water were a concentration more than 10 times the values in

regulation D2.1.
- The organism larger than 50 pm: > 100 individuals/m’

- The organism between 10 pm and 50 pm: > 100 individuals/ml.,
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Sample > 50 pm organism 10 pm - 50 pm organism o

Top 667 £ 289 148.00 = 7.21

Middle 333+ 144 162.00 £ 7.00

Bottom 500 £ 250 141.67 £ 7.51
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3. Conclusion
3.1 Biological efficacy in treated ballast brackish water by Purimar™ BWMS
« Treated ballast brackish water by Purimar™ BWMS were capable of eliminating organism larger
than 50 pm with an efficiency of 100%.
» Treated ballast brackish water by Purimar™ BWMS were capable of eliminating organism
between 10 and 50 um with an efficiency of 100%.
 Treated ballast brackish water by Purimar™ BWMS was capable of eliminating heterotrophic
bacteria with an efficiency of 99.9 %. at day 0
* But the number of heterotrophic bacteria in treated ballast brackish water was increased at day 5
compared to control brackish water at day 0. Therefore, elimination efficacy of heterotrophic
bacteria was reduced at day 5.
« Treated ballast brackish water by Purimar'™ BWMS were capable of eliminating Escherichia coli
with an efficiency of 100, 98.6 % at day 0, 5.
» Treated ballast brackish water by Purimar'™” BWMS were capable of eliminating Enterococcus
Jaecalis with an efficiency of 100, 99.8 % at day O, 5.
* Vibrio cholera O1, 0139 were not detected.
« Therefore, treated ballast brackish water by Purimar’™ BWMS was capable of removing

organism(> 50 um, 10 ~ 50 um) and a part of bacteria.
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4. Appendix
Appendix 1. Water parameters (TOC, DOC, TSS) of original water (Ow)
Date Sample ID & R TOCY DpOC? TSS9
: lot No. (mg/L) {mg/L) (mg/L)
R1 16.40 10.80 81.5
OwT-0906 R2 17.60 11.50 84.0
R3 16.80 10.80 83.5
R1 16.10 10.10 85.5
Day0 OwWM-0906 R2 16.70 10.50 86.0
R3 16.10 10.90 87.0
R1 16.10 10.30 89.5
OwB-0906 R2 16.70 10.60 §9.0
R3 16.70 10.10 91.0

a) R; Replicate

b) TOC: Total Organic Carbon (TOC=DOC+POC}
¢) DOC: Dissclved Organic Carbon

d)} TSS: Total Suspended Solids
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Appendix 2. Water parameters at field

RI 8.00 24 41 19.19 7.56 6.210
OwT-0906 | R2 8.00 24.41 19.19 7.57 - 6.210
R3 8.01 24.41 19.19 7.57 - 6.210

R1 7.99 24.40 19.20 7.65 - 6.300
OwM-0906 | R2 7.99 24.40 19.20 7.66 B 6.300
R3 7.99 24.40 19.20 7.65 - 6.300

R1 773 24.40 19.16 7.53 - 6.130
OwB-0906 | R2 774 24 40 19.16 7.53 § 6.130
R3 774 24.40 19.16 752 ; 6.130

R1 7.82 25.55 18.96 7.01 - 3,490

COT-0906 | R2 7.83 25.55 18.96 701 - 3,490
R3 7.84 25.55 18.96 7.01 - 3.490

R1 7.83 25.49 18.95 6.99 - 3330

Day0 | com-0906 | R 7.83 25.50 18.95 6.99 - 3.330
R3 7.84 25.50 18.96 6.99 R 3.330

R1 7.75 25.52 18.95 6.97 - 3.370

COB-0906 | R2 7.77 25.57 18.94 6.96 . 3.370
R3 778 2559 18.94 6.94 - 3.370

R1 7.86 24 96 19.20 7.40 ; 0.505

TOT-0906 | R2 7.86 2496 19.20 7.38 - 0.595
R3 7.87 24.96 19.20 7.38 . 0.595

Rl 778 24.93 19.17 733 - 0.649
TOM-0906 | R2 7.80 24.89 19.19 734 . 0.649
R3 7.82 24.88 19.19 735 - 0.649

R1 7.95 24.92 19.21 7.40 - 0.538

TOB-0906 | R2 7.95 2491 19.21 7.40 - 0.538
R3 7.95 2490 1922 7.41 " 0.538

Ri 7.09 25.16 19.05 3.49 . 2.420
C2M-0908 | R2 7.08 25.16 19.05 349 ; 2.420
Day?2 _ R3 7.08 25.17 19.05 349 - 2430
R1 729 75.55 19.13 4.75 - 0.203
T2M-0908 | R2 729 25.55 19.14 4.75 . 0.203
R3 729 25.55 19.14 4.75 - 0.203

Ri 7.39 25.62 19.05 6.96 R 1.700

C5T-0911 | R2 7.39 25.62 19.05 6.95 - 1.700
R3 7.38 25.64 19.04 6.96 : 1.700

R1 7.36 25.52 19.08 6.87 - 1,290
C5M-0911 | R2 7.35 2553 19.08 6.88 : 1.290
R3 7.35 25.53 19.08 6.88 B} 1.290

RI 7.44 25.42 19.11 6.94 - 1.500

C5B-0911 | R2 7.44 2542 19.11 6.95 - 1.500
Day’ R3 7.44 25.43 19.11 6.94 . 1.500
R1 7.43 25.30 19,33 724 - 0.481

T5T-0911 | R2 743 253] 19.33 724 - 0.481
R3 743 25.32 1933 724 R 0.481

Rl 742 25.36 19.37 721 - 0.250

T5SM-0911 | R2 7.42 2536 19.37 721 - 0.250
R3 7.42 25.36 19.37 7.20 . 0.250

R1 742 25.14 19.41 7.16 - 0.236

TSB-0911 | R2 741 25.15 19.41 7.16 - 0.236
R3 7.41 25.16 19.40 7.16 - 0.236

a) R: Replicate

Page 24



Test Report

LET-10-008

Appendix 3. Water parameters at MBDC lab.

Date Sg“l’;:';ﬂ) R? pH Temp (°C) | Salinity (%) | DO (mg/L) 11(11;1;%1;31
R1 8.38 145 18.90 9.57 13.90
OwT-0906 |"R3 8.39 14.4 18.89 9.60 1420
R3 839 14.4 18.89 9.60 14.30

R1 835 16.9 19.00 8.90 14.00
OwM-0906 | R2 8.35 16.9 1898 890 14 80
R3 8.35 16.9 18.94 8.88 14.40

RI 3.38 15.3 18.66 8.75 14.40
OwB-0906 | R2 8.38 15.3 18.66 8.77 14.50
R3 8.38 15.3 18.69 8.76 14380

RI 8.26 15.6 18.62 8.10 13.60

COT-0906 ["R3 826 156 18.63 8.08 13.80
R3 8.26 15.6 18.63 8.09 1360

R1 8.29 16.0 18.68 8.08 13.10

Day0 | CoM-0906 | R2 829 16.0 18.68 8.97 13.40
R3 8.20 16.0 18.68 8.97 13.40

R1 .32 16.1 18.70 8.53 13.00

C0B-0906 | R2 8.32 16.1 18.69 8.52 13.50
R3 8.32 16.1 1871 8.57 13.50

RI 828 14.1 18.61 .20 12.00

TOT-0906 |"R2 3.28 14.1 18.65 922 12.00
R3 §.29 143 18.68 9.22 12.00

R1 835 13.8 18.87 9.23 11.30

TOM-0906 | R2 8.35 13.8 18.88 9.36 11.30
R3 835 13.9 18.89 9.30 11.30

R1 8.40 10.4 18.51 9.42 12.20

TOB-0906 | R2 8.40 10.5 12.56 9.41 12.20
R3 8.40 10.5 18.58 9.40 12.20

Ri 744 22.0 18.77 6.94 10.80
C2M-0908 | R2 7.44 220 18.77 6.93 1130
Day? R3 7.44 22.0 18.76 6.02 11.10
R1 8.19 21.9 18.95 815 10.10

T2M-0908 | R2 8.19 21.9 18.95 8.15 11.70
R3 8.19 21.9 18.95 8.15 10.50

RI 7.40 12.0 18.56 7.99 4.89

C5T-0911 | R2 7.40 120 18.56 708 4.95
R3 7.40 12.0 18.56 798 496

Rl 742 1.8 18.86 8.08 3.12

C5M-0911 | R2 ) 11.8 18.86 3.08 3.15
R3 742 11.9 18.85 8.00 313

R1 743 2.4 18.98 8.28 368

C5B-0911 | R2 743 12.4 18.99 8.29 373
Day 5 R3 7.43 154 18.99 828 373
RI 7.56 12.4 19.42 8.36 8.81

T5T-0911 |"R3 757 12.4 19.43 8.35 8.86
R3 7.56 12.4 1942 835 8.85

R1 7.60 130 16.45 8.4 3.49

T5M-0911 | R2 7.60 13.0 19.45 823 3.48
R3 760 13.1 19.45 8.23 3.46

Rl 7.61 10.8 18.82 8.09 3.01

T5B-0911 | R2 762 10.7 18.82 8.08 3.04
R3 761 10.7 18.82 8.08 302

a) R: Replicate
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Appendix 4. Change of TRO concentration of test substances

Date Sample ID RV TRO con. (ppm)?
R1 N.D
C0 R2 N.D
R3 N.D
Day 0 S 0.68
TO R2 0.70
R3 0.67
Rl N.D
C2 R2 N.D
R3 N.D
Day 2 R1 0.15
T2 R2 0.14
R3 0.14
R1 N.D
Cs R2 N.D
R3 N.D
Day 5 R ND
T5 R2 N.D
R3 ND

a) R: Replicate
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Appendix 5. Survival number of > 50 /M organism in original water(Influent water)

Date Sa?;)ple . Classification Survival qumber h.l-ls Mean Sp Y
: A R1¥ R2 ~ R3
Artemia salina 160500 166500 170500 | 165833 5033
Crustacean nauplii 4500 4500 4000 4333 289
(g;"’og' Oithona sp. 2500 2500 3500 | 2833 77
Brachionus ssp. 3500 4000 5000 [ 4167 764
Protoperidinium ssp. 15000 25000 20000 | 20000 5000
Artemia salina 224500 227500 218500 | 223500 4583
Crustacean nauplii 3500 3000 3000 3167 289
Qithona sp. 3000 3000 3000 3000 0
Day ({))\ggg, Evadne sp. 500 0 500 333 289
0 Centrophages sp. 1500 1000 2000 | 1500 500
Brachionus ssp. 4000 4000 3500 3833 289
Protoperidinium ssp. 10000 25000 20000 | 18333 7638
Artemia salina 210500 207500 213500 [ 210500 3000
Crustacean nauplii 5000 4000 4500 4500 500
OwR- Oithona sp. 3500 2500 2000 | 2667 764
0906 Acartia sp. 1000 1000 500 833 289
Brachionus ssp. 2500 3000 2000 | 2500 500
Pediastrum sp. 15000 15000 10000 | 13333 2887

a) R: Replicate
b} S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 6. Survival number of > 5041 organism in control (untreated) brackish water

. ' 3
Date_ Safl;)p R_"- .Classification RSll:;'vwaI ln;;mbe? II:B Mean Sp ™
Artemia salina 16000 16500 15500 16000 500
Crustacean nauplii 1500 1500 1000 1333 289
(03356- Oithona sp. 1000 2000 1000 1333 577
Brachionus ssp. 2000 2000 1500 1833 289
Protoperidinium ssp. 20000 20000 15000 18333 2887
Artemia salina 34060 33000 33000 33333 577
Day COM. Crustacean nauplii 2500 2500 2000 2333 289
0 0906 Centrophages sp. 500 500 500 500 0
Oithona sp. 1500 1000 1500 1333 289
Brachionus ssp. 1500 1060 2500 1667 764
Artemia salina 27000 30500 32500 30000 2784
COB- Crustacean nauplii 2000 1000 1000 1333 577
0906 Oithona sp. 1000 1000 1000 1000 0
Brachionus ssp. 1000 1600 1000 1000 0
Brachionus ssp. 0 0 250 83 144
gngf Crustacean nauplii 250 250 500 333 144
Qithona sp. 250 250 250 250 0
D; ¥ CSM. Brachionus ssp. 250 0 0 83 144
0911 Crustacean nauplii 250 500 250 333 144
Oithona sp. 250 250 500 333 144
Brachionus ssp. 250 0 250 167 144
595}131- Crustacean nauplii 250 250 250 250 0
COithona sp. 0 0 250 83 144

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 7. Survival number of > 50/M organism in treated ballast brackish water by treatment

of Purimar™ BWMS
Date Sglnll)ple Classification Survwal:numberlm Mean = SD" -
R1” R2 R3
3256' : 0 0 0 0.0 0.0
Dgy ggl(\)’g i 0 0 0 0.0 0.0
gggﬁ‘ i 0 0 0 0.0 0.0
ggl" - 0 0 0 0.0 0.0
D;‘y ggﬁ' i 0 0 0 0.0 0.0
33]131- . 0 0 0 0.0 0.0

a) R: Replicate
b) 8.D: Standard deviation
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Appendix 8. Survival number of 10/m - 504m organism in original water(Influent water)

1] Survival pumber/ ml

Date SaInIl)ple | Classification — . Mean Sp® -
| : R1” R2 R3

Tetraselmis suecica 2060 2150 2070 | 209333 4933

Thalassiosira sp. 4 6 6 5.33 1.15

((;;(’)rl; Chaetoceros sp. 5 6 5 533 0.58
Ceratium sp. 3 2 2 2.33 0.58

Protoperidinium sp. 4 5 5 4.67 0.58

Tetraselmis suecica 1960 1830 194¢ | 1910.00  70.00

Thalassiosira sp. 5 4 6 5.00 1.00

Day { %g(?g_ Chaetoceros sp. 3 2 3 2.67 0.58
Ceratium sp. 4 5 5 4.67 0.58

Protoperidinium sp. 5 6 4 5.00 1.00
Tetraselmis suecica 2040 1930 2050 { 2006.67  66.58

Thalassiosira sp. 3 2 3 2.67 0.58

(3;836- Chaetoceros sp. 1 2 2 1.67 0.58
Ceratium sp. 4 5 4 4.33 0.58

Protoperidinium sp. 3 2 2 233 0.58

a) R: Replicate
b) 5.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 9. Survival number of 104m - S04m organism in control (untreated) brackish water

. . ‘Survival number/ ml -
Date Sag)p le Classification - — : — Mean  SD"
: _ : R1¥ R2  R3 :
Tetraselmis suecica 1030 920 970 | 97333 55.08
Thalassiosira sp. 3 4 3 3.33 0.58
COr- ,
0906 Ceratium sp. 2 2 3 2.33 (.58
Chaetoceros sp. 2 2 1 1.67 0.58
Protoperidinium sp. 3 2 3 2.67 0.58
Tetraselmis suecica 980 1010 1040 | 1010.00  30.00
Day 0 COM- Thalassiosira sp. 3 2 2 2.33 0.58
0906 Chaetoceros sp. 1 1 2 | 133 058
Protoperidinium sp. 2 3 2 2.33 0.58
Tetraselmis suecica 930 970 1020 | 973.33 45.09
COB- Ceratium sp. 2 2 3 233 0.58
0906 Chaetoceros sp. 3 4 2 | 3.00 1.00
Protoperidinium sp. 2 3 2 2.33 0.58
CST- Tetraselmis suecica 148 153 139 146.67 7.09
0911 Chaetoceros sp. 2 I 1 133 058
C5M- . .
Day 5 0911 Tetraselmis suecica 162 169 155 | 162.00 7.00
C5B- Tetraselmis suecica 133 142 148 141.00 7.55
0911 Chaetoceros sp. 1 0 1 0.67 0.58

a) R: Replicate
b) 8.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 10. Survival number of 10/M - 50/M organism in treated ballast brackish water by

treatment of Purimar' ' BWMS

' .Survival number/ mf '
Date Sa;;l)ple Classification ' - Mean Sp»
: | ri1? R2 R3
TOT -
0906 i 0 0 0 i i
TOM-
Day 0 0906 - 0 0 0 - -
T0B-
0906 ) 0 0 0 ) )
T5T -
0911 i 0 0 0 i i
T5M-
Day § 0911 - 0 0 0 - -
T5B-
0911 i 0 0 0 i i
a) R: Replicate
b) S.D: Standard deviation
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Appendix 11. Number of heterotrophic bacteria in original water, control (untreated) brackish

water, treated ballast brackish water by treatment of Purimar'™ BWMS

CFU/mL ' L
Date Sample ID — Mean Sp®
R1Y R2 R3

Top 53600 44300 43200 47200.0 5600.0

(%‘36 Middle 37200 35700 37300 36733.3 896.3

Bottom 20200 24200 23900 22766.7 22279

Top 78000 77900 74400 76766.7 2050.2

Day 0 C0-906 | Middle 39700 36200 40400 38766.7 2250.2
(09/06)

Bottom 23900 23100 22200 23066.7 850.5

Top 60 100 30 63.3 35.1

T0-0906 | Middle 40 40 20 333 11.5

Bottom 20 40 50 36.7 15.3

Top 120800 127200 123200 1237333 3233.2

C5-0911 | Middle 82800 81100 87100 83666.7 3092.5

Bottom 92900 90300 126400 103200.0 20133.8
Day5

(09/11) Top 101600 100000 78400 93333.3 12957.4

T5-0911 | Middle 56400 70000 58100 61500.0 7410.1

Bottom 69900 69300 58100 65766.7 6646.3

a) R: Replicate
b) S.D: Standard deviation
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Appendix 12. Number of Escherichia coli in original water, control (untreated) brackish water,

treated ballast brackish water by treatment of Purimar'™ BWMS

. CFU/100ml
Date Sample ID . Mean SD ®
R1Y R2 R3 -
Top 100 124 94 106.0 15.9
Ow- "
0906 Middle 98 102 108 102.7 5.0
Bottom 102 114 104 106.7 6.4
Top 134 116 128 126.0 9.2
Day 0 .
- 1 . .
(09/06) C0-0906 | Middle 164 148 16 142.7 24.4
Bottom i56 136 108 133.3 24.1
Top 0 0 0 0.0 0.0
T6-0906 | Middle 0 0 0 0.0 0.0
Bottom 0 0 0 0.0 0.0
Top 4 4 0 2.7 23
C5-0911 | Middle 1 2 0 1.0 1.0
Day5 Bottom 4 2 3 3.0 1.0
(09/11) Top 3 4 3 33 0.6
T5-0911 | Middle 1 1 5 2.3 23
Bottom 0 0 0 0.0 0.0

a) R: Replicate
b) §.D: Standard deviation
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Appendix 13. Number of Enterococcus faecalis in original water, control (untreated) brackish

water, treated ballast brackish water by treatment of Purimar™ BWMS

. ' CFU /100ml
Date Sample ID Mean Sp Y
Rr1¥ R2 R3
Top 32 38 66 453 18.1
Ow- .
0906 Middle 30 44 42 38.7 7.6
Bottom 34 40 38 373 3.1
Top 300 440 306 348.7 79.2
Day 0 .
(09/06) C0-0906 | Middle 394 398 374 388.7 12.9
Bottom 344 400 302 348.7 49.2
Top 0 0 0 0.0 0.0
T0-0906 | Middie 0 0 0 0.0 0.0
Bottom 0 0 0 0.0 0.0
Top 20 12 4 12.0 8.0
C5-0911 | Middle 9 10 9 93 0.6
Days Bottom 18 28 14 20.0 7.2
(09/11) Top 0 2 0 0.7 1.7
T5-0911 | Middle 1 0 0 0.3 1.7
Bottom 2 0 0 0.7 1.2

a) R: Replicate
b) S.D: Standard deviation
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Appendix 14. Number of Vibrio cholera O1, O139 in original water, control (untreated) brackish

water, treated ballast brackish water by treatment of Purimar™ BWMS

CFU/100ml | |
Date Sample ID : "~ Mean SD
o R1Y R2 R3 -
Top 0 0 0 0.0 0.0
Ow- .
0906 Middle 0 0 0 0.0 0.0
Bottom 0 0 0 0.0 0.0
Top 0 0 0 0.0 0.0
Day 0 .
- 0 . .
(09/06) C0-0906 | Middle 0 0 0.0 0.0
Bottom 0 0 0 0.0 0.0
Top 0 0 0 0.0 0.0
T0-0906 | Middle 0 0 0 0.0 0.0
Bottom 0 0 ¢ 0.0 0.0
Top 0 0 0 0.0 0.0
C5-0911 | Middle 0 0 0 0.0 0.0
Day5 Bottom 0 0 0 0.0 0.0
(09/11) Top 0 0 0 0.0 0.0
T5-0911 | Middle 0 0 0 0.0 0.0
Bottom 0 0 ] 0.0 0.0

a) R: Replicate
b) S$.D: Standard deviation
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Appendix 15. The microscope image of > 5040 in original water (Day0)

~_'Specific Name |- Original water

Artemia salina*

L
200 um

Oithona sp. ™

Centrophages sp.*
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Acartia sp.*

Crustacean nauplii **

Evadne sp.**
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Brachionus sp.**

Protoperidinium sp.**

* Magnification : 100
** Magnification : 200

100 um 3
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Appendix 16. The microscope image of > 5041 in control (untreated) brackish water by

treatment of Purimar™ BWMS (Day()

Specific Name Control (untreated) brackish water

Artemia salina*

Oithona sp.**

L]
500 um

Crustacean nauplii **
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Centrophages sp.*

Brachionus sp.**
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Protoperidinium sp.**

* Magnification : 100
** Magnification : 200
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Appendix 17. The microscope image of > 504M in control (untreated) brackish water by

treatment of Purimar™ BWMS (Day5)

Specific Name

Oithona sp. *

Crustacean nauplii **

Control (untrea_.ted)' brackish water

200 um

Brachionus sp.**

* Magnification : 100
** Magnification : 200
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Appendix 18. The microscope image of > 50/M in treated ballast brackish water by treatment of

Purimar™ BWMS (Day0)

Specific Name : Treated ballast brackish water

Lo
200 um

Magnification : 100
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Appendix 19. The microscope image of > 504M in treated ballast brackish water by treatment of

Purimar™ BWMS (Day5)

: S'pe.cific Name - Treated ballast brackish water

-
200 um

Magnification : 100
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Appendix 20. The microscope image of 104m—50/m in original water (Day0)

Specific Name -

" Optical

Control (untreated) brackish water o
' o Fluorescence

Tetraselmis
suecica

Protoperidinium
sp.

Chaetoceros sp.

Ceratium sp.
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Thalassiosira
sp.

Magnification : 200
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Appendix 21. The microscope image of 104M-504m in control (untreated) brackish water by

treatment of Purimar'¥ BWMS (Day0)

e Control (untreated) brackish water
Specific Name - - —
Optical ' ___ Fluorescence

Tetraselmis
suecica

Chaetoceros sp.

Ceratium sp.

Protoperidinium
sp.
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Thalassiosira
sp.

Magnification : 200

Page 49



Test Report LET-10-008

Appendix 22. The microscope image of 104m-504n in control (untreated) brackish water by

treatment of Purimar™ BWMS (Day5)

Control (untreated) brackish water

Specific Name

Tetraselmis
suecica

Chaetoceros sp.

Magnification : 200
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Appendix 23. The microscope image of 104m—504m in treated ballast brackish water by

treatment of Purimar™ BWMS (Day0)

Specific

Treated ballast brackish water

Name

Optical |

~ - Fluorescence
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Appendix 24. The microscope image of 10 2150 4m in neutralized water by treatment of

Purimar'™ BWMS (Day5)

Specifi | L Neutralized water

¢ Name ' Optical " Fluorescence

]
200 um

matmn 100
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Appendix 25. The image of heterotrophic bacteria: Day 0

Treated ballast brackish_ water

Top Middle Bottom

Original water

Top Middle Bottom

' Control (untreated) brackish water

Top Middle Bottom
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Appendix 26. The image of heterotrophic bacteria: Day 5

' Treated balast brackish water

Middle Bottom

Control (untreated) brackish water

Middle
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Appendix 27. The image of Escherichia coli: Day 0

Treated ballast brackish water

Middle Bottom

Original water

Top Middle Bottom

~ Control (untrea_téd) brackish water

Top Middle
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Appendix 28. The image of Escherichia coli: Day S

Treated ballast brackish water

Top Middie Bottom

Control (untreated) brackish water

Top Middle Bottom
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Appendix 29. The image of Enterococcus faecalis: Day 0

“Treated ballast brackish water

Middle

Bottom

Original water

Top

Middle

Bottom

" Control (untreated) brackish water

Top

Middle

Bottom
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Appendix 30. The image of Enterococcus faecalis: Day 5

Treated ballast brackish water

Top Middle Bottom

Control (untreated) brackish water

Top Middle Bottom

Page 58




Test Report LET-10-008

Appendix 31. The image of Vibrie cholera O1, 0139: Day 0

Original water

Top Middle Bottom

- Control (um_:reat'ed)" brackish water

Middle
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. Appendix 32, The image of Vibrio cholera O1, 0139: Day 5

Treated ballast brackish water

Top Middle Bottom

Control (untreated) brackish .Water

Top Middle Bottom
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5. Attachment

5.1 Filtered natural brackish water(FNS) receipt sheet

5.2 Entrance recode sheet

5.3 Flowmeter, seals and power consumption confirming sheet
5.4 Land-based test sheet

5.5 Organism certificate

5.6 Organism check sheet

5.7 Sampling check sheet

5.8 Chain of custody record

5.9 Sample receipt form

5.10 Water parameter measurement sheet (at a field)

5.11 Water parameter measurement sheet (After arrival at the MBDC lab)
5.12 TOC measurement sheet

5.13 TSS(Total suspended solid) measurement sheet

5.14 Microbiology test sheet

5.15 Test results sheet — Classification

5.16 Test result sheet with microbiology
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